Abstract A reverse-transcription loop mediated isothermal amplification (RT-LAMP) was developed for rapid diagnosis of infectious bronchitis (IB) in poultry by targeting the spike protein 2 gene (S2). RT-LAMP primers were designed for IBV-S2 targets and optimized to run at 60°C for 45 min. As compared with RT-PCR, RT-LAMP was 100 times more sensitive for IBV-S2 gene. RT-LAMP showed specific amplification with IB viral genome but not with other avian respiratory pathogens due to their mismatching with IBV-S2-RT-LAMP primers. RT-LAMP reaction products were visually detected by the addition of propidium iodide stain. Out of 102 field samples tested for detection of IBV, RT-LAMP detected IBV in 12 samples for S2 gene whereas RT-PCR detected IBV in six samples for S2 gene. The sensitivity of the RT-LAMP was 100 % and the specificity was 94 % for S2 gene. Since the developed RT-LAMP to detect IBV is simple, rapid, sensitive and specific, it can be a useful diagnostic tool for detection of IB in poultry in less equipped laboratories and in field conditions.
Introduction
Poultry are kept in most areas of the world and it provides an acceptable form of animal protein to most people throughout the world. During the last decade, many developing countries have adopted intensive poultry production in order to meet the demand for this form of animal protein [1] . It also increases the incidence of several infectious diseases which affect the economy widely throughout the world. Out of these, infectious bronchitis (IB) is an acute, highly contagious viral disease of chicken [2] caused by avian infectious bronchitis virus (IBV). It is listed as notifiable disease by the office of international des epizooties [3] , because of its domestic and international importance.
Chicken of all ages are susceptible to IB. IBV belongs to the group three genus Coronavirus, family Coronoviridae, of order Nidovirales [4] . It is enveloped and pleiomorphic with single stranded positive sense RNA genome, approximately 27.6 kb in length. It encodes four structural proteins; the spike (S), the membrane (M) glycoprotein, the internal nucleoprotein (N) and small envelope (E) protein [5] .
Conventionally IB can be diagnosed by virus isolation (VI), virus neutralization test (VNT), immunofluorescence assay (IFA), immunoperoxidase assay (IPA), enzyme linked immune sorbent assay (ELISA), agar-gel precipitation test (AGPT), reverse transcriptase-polymerase chain reaction (RT-PCR) [6] , restriction fragment length polymorphism (RFLP) [7] and real-time PCR [8, 9] . There are several limitations with these techniques such as VI is laborious and time consuming, antibody based techniques require specific monoclonal antibodies for each strain, and real-time PCR is expensive and requires expertise. RT-PCR is the most widely used molecular technique to detect the IB viral genome either in allantoic fluids from embryonated chicken eggs (ECE) inoculated with field samples or directly from the tissue samples. However, it requires an expensive thermal cycler to carry out the reaction. Several authors used different targets like the nucleoprotein gene (N-gene) [10] [11] [12] , Spike protein 2 (S2) [13] [14] [15] , Spike protein 1(S1) [16, 17] , M [18] and 3 0 -UTR [19] to diagnose IB by RT-PCR.
To overcome the difficulties of PCR-based techniques, Notomi et al. [20] developed a novel technique called loopmediated isothermal amplification (LAMP). This technique requires four different primers, Bst DNA polymerase to displace DNA strands and isothermal conditions for the amplification of target DNA. The technique has been applied for the detection of several poultry pathogens [21] [22] [23] [24] . The advantages of this technique are that it requires only 30-60 min to complete the reaction and can be performed at a single temperature ranging from 60 to 65°C. The reaction can be carried out in a laboratory water bath or a dry heat block and the results can be read with the naked eye.
RT-LAMP for detection of IB has been reported by Chen et al. [25] targeting N gene and Luo et al. [26] targeting 1a gene. Here the authors have reported RT-LAMP for detection of IB by targeting S2 gene with increased sensitivity and visual detection of RT-LAMP by using propidium iodide dye.
Material and Methods

Viruses and Bacteria
IB vaccine (Mass 41) from M/s. Venkateswara Hatcheries Ltd., Pune, India was used to optimize the RT-LAMP. The vaccine strains of Newcastle disease virus (Lasota) and positive samples for avian leukosis virus and reo virus were used to study the specificity of developed RT-LAMP for detection of IB. Samples such as trachea, lungs and kidneys from birds suspected for IB were collected from poultry farms in Namakkal and Coimbatore districts of Tamil Nadu state in India.
Primers
The primers for RT-LAMP for S2 gene was designed by using Primer explorer software programme (http://primerexplorer.jp/e/). S2 gene sequences of Mass 41 strain (GenBank accession No. FJ904720) was used to design the primers. The details of binding sites of LAMP primers viz., F3 (outer forward primer), B3 (outer reverse primer), FIP (F1c ? F2) (inner forward primer), BIP (B2 ? B1c) (inner reverse primer) on the template were given in Fig. 1 . The IBV LAMP primer sequences were screened by using BLAST (National Centre for Biotechnology Information; NCBI). The details of primer sequences used in RT-PCR and RT-LAMP were given in Table 1 .
Reverse-Transcriptase Polymerase Chain Reaction (RT-PCR)
Total RNA from tissue samples and allantoic fluids of vaccine virus were extracted by Trizol-LS (M/s. Invitrogen, USA) as per the manufacturer's instructions. One step RT-PCR was carried out in a 0.2 ml PCR tube by adding one step 2X RT-PCR master mix (M/s. GeNet Bio, Korea), appropriate primers (10 pmol each forward and reverse primers per reaction), 3 ll (1 lg) of RNA and nuclease free water to make up the volume to 25 ll. The RT-PCR cycling conditions for S2 gene were initial denaturation of 94°C for 5 min followed by 35 cycles of denaturation at 94°C for 15 s, annealing at 60°C for 1 min and extension at 72°C for 2 min and a final extension of 72°C for 7 min.
Optimization of RT-LAMP for Detection of S2 Gene of IB Viral Genome RT-LAMP was optimized by following the method of Notomi et al. [20] . The RT-LAMP reaction was carried out in a water bath by mixing 10 pmol each of F3 and B3 primers, 
Detection of RT-LAMP Products by Propidium Iodide Staining
The RT-LAMP products were detected by the addition of 2 ll of fluorescent DNA intercalating dye, propidium iodide solution (1 mg/ml) at the end of the reaction and then visualized by naked eye or under UV-transilluminator.
IB-RT-LAMP for Field Samples
Total RNAs isolated from the field samples (n = 102) ( Table 2) were subjected to RT-LAMP. At the end of the reaction, these samples were analyzed by agarose gel electrophoresis and by adding propidium iodide. RT-LAMP positive samples were further confirmed by inoculating the samples into the allantoic cavity of 9-11 days old ECE from Poultry Research Station, Tamil Nadu Veterinary and Animal Sciences University, Chennai, Tamil Nadu and incubated at 37°C for 48 h with humidity for three passages and then in fourth passage, the eggs were incubated for five days. At the end of the fifth day, the eggs were chilled in a cold room over night and next day, the eggs were opened to observe the embryo lesions such as dwarfing of embryos and curled toes suggestive of IB. Uninoculated embryos were used as control.
Results and Discussion
IB is among the most common and difficult of all poultry diseases to control. It causes significant economic loss in commercial broiler, layer and breeder chicken [2] . IBV is characterized by worldwide distribution and many different variants appear continuously despite the use of vaccines. The nucleotide sequences of S2 subunit of spike gene is highly conserved among different strains of IBV and among different members of genus Coronavirus. Hence, S2 gene was targeted for IB viral genome detection in the field samples [13] [14] [15] .
In the optimization experiments, the LAMP reaction was carried out using the total RNA extracted from vaccine IBV (Mass 41) as the template to determine the optimal reactions, temperature and time combination. The optimum volume of components in the reaction mixture included 10 pmol each of F3 and B3 primers, 40 pmol each of FIP and BIP primers, 2.5 mM dNTP, 10 mM MgSO4, 1 M betaine, 40 U of MMLV Reverse transcriptase, 8 U Bst polymerase and 3 ll of extracted template RNA (1 lg). At 608 C for 45 min, the product from LAMP was better than Rapid Detection of Avian Infectious Bronchitis Virus by that in other temperatures and time (data not shown). Hence, 60°C and 45 min were considered as the optimal temperature and time for IBV-S2 gene RT-LAMP respectively. Alternatively, visual inspection of RT-LAMP amplification products in the reaction tubes was carried out by using propidium iodide. A positive reaction tube containing IBV-specific amplicons exhibited a pink color, while the contents within the negative control tube showed the original orange red color and under the UV-transilluminator, the positive sample showed fluorescence and negative sample showed absence of fluorescence. The lowest EID 50 of viral genome in RT-PCR detectable upon gel electrophoresis was found to be 10 3 EID 50 (Fig. 2a) and for RT-LAMP it was 10 EID 50 for IBV-S2 gene (Fig. 2b) . The results indicated that IBV-RT-LAMP assay is 100 times more sensitive for S2 gene than RT-PCR assay. Further, the sensitivity is similar to the results of the RT-LAMP for IB-N gene viral genome detection reported by Chen et al. [25] who reported a sensitivity of 10 EID 50 . Luo et al. [26] reported a sensitivity of 10 6 fold diluted RNA for RT-LAMP targeting 1a gene of IBV.
Primer sequences were verified with the BLAST programme and it was observed that the primers could detect all the important IB strains, which included H120 (GenBank accession no. GU393335), Connecticut (GenBank accession no. FJ904718), JMK (GenBank accession no. GU393338), Iowa97 (GenBank accession no. GU393337), Holte (GenBank accession no. GU393336), Gray (GenBank accession no. GU393334), Ark99 (GenBank accession no. GQ504721), VicS (GenBank accession no.JN983807), ITA/90254/2005 (GenBank accession no. FN430414). Moreover, these RT-LAMP primers were also blasted with complete genome of other avian related viruses which included avian Orthoreovirus (GenBank accession nos. from NC015123 to 35) and infectious laryngotracheitis virus (GenBank accession no. NC006623 and JQ083494) and the designed primer sequences were absent in these viruses. Both in RT-PCR and RT-LAMP reactions, the respective IBV-S2 gene primers could amplify only the RNA extracted from IB vaccine virus, but not in case of RNA extracted from NDV, DNA extracted from Reo virus and avian leukosis virus (Figs. 3a, b) .
RT-PCR and RT-LAMP were used simultaneously for 102 samples that had been collected from several farms in Tamil Nadu for IB diagnostic purposes ( Table 2 ). The IB viral genome was detected by RT-LAMP and RT-PCR in 12 and six samples for S2 gene respectively (Table 2 ). Among different tissue samples tested, more positive results were seen for kidney samples when tested by RT-LAMP (n = 6) than by RT-PCR (n = 3) whereas the results were similar in both the tests for trachea and caecal tonsils. The sensitivity of the RT-LAMP was 100 % and the specificity was 92 % for S2 gene. The analysis of field samples by RT-LAMP indicated increased percent positivity (13.7 %) when compared with the RT-PCR (5.9 %). This increased percent positivity is due to the higher sensitivity of RT-LAMP (10 EID 50 ) than that of RT-PCR (10 3 EID 50 ) for the detection of IB viral genome and this is in accordance with the results of Xu et al. [22] who showed that the RT-LAMP was 157 % sensitive than the RT-PCR in detecting IBD viral genome in field samples. RT-LAMP positive samples were further confirmed by using ECE as well as by sequencing the RT-PCR products which used F3 and B3 primers of RT-LAMP. The sequencing result showed that these samples were of M41 genotype. Thus, as the results indicate that the detection limit of RT-LAMP for IB viral genome is higher than the RT-PCR and the reaction time is 45 min only, this technique is more rapid than the RT-PCR. Moreover, the addition of dyes such as propidium iodide to the end product alleviates the use of electrophoresis. Hence, RT-LAMP for IB viral genome detection can be used as a routine diagnostic tool in avian disease diagnostic laboratories in which sophisticated equipments such as thermal cycler and electrophoresis apparatus are not available. In addition, RT-LAMP for IB viral genome detection can be used as a field diagnostic test.
Conclusion
RT-LAMP for rapid detection of IBV S2 gene has been optimized and the test was found more sensitive than the RT-PCR. It can be carried out without sophisticated instruments and can be a useful tool for the diagnosis of avian IBV. 
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